Objective Preterm birth is a leading cause of infant morbidity and mortality. Little is known about the contextual effect of US income inequality on preterm birth, an issue of increasing concern given that the current economic divide is the largest since 1928. Methods We examined changes in inequality over time in relation to preterm birth among singleton deliveries from an electronic medical record-based cohort (n = 223,512) conducted in 11 US states and the District of Columbia from 2002 to 2008. Increasing income inequality was defined as a positive change in state-level Gini coefficient from the year prior to birth. Multi-level models estimated the independent effect of increasing inequality on preterm birth ([22 and \37 weeks) controlling for maternal demographics, health behaviors, insurance status, chronic medical conditions, and state-level poverty and unemployment during the year of birth. Results The preterm birth rate was 12.3 % where inequality increased and 10.9 % where it did not. After adjustment, increasing inequality remained significantly associated with preterm birth (adjusted odds ratio 1.07, 95 % confidence interval 1.04, 1.11). We observed no significant interaction by insurance status or race, suggesting that increasing inequality had a broad effect across the population. Conclusions The contextual effect of increasing income inequality on preterm birth risk merits further study.
Introduction
An individual's socioeconomic status is a well-established determinant of morbidity and mortality such that wealthier individuals have better health outcomes than poorer individuals [1] . This relationship has also been demonstrated for preterm birth, a leading cause of infant mortality and morbidity in the US where preterm birth rates are consistently higher among socioeconomically disadvantaged women [2, 3] . However, less is known about the influence of an individual's socioeconomic status relative to other members of the community [4, 5] . This concept refers to income inequality, or the unequal distribution of income within a population. It is an issue of increasing concern in the US where the divide between the highest and lowest earning segments of the population is now the largest it has been since 1928 [6] . In 2012, the highest earning 1 % of families received just over 22 % of all pretax income while the bottom 90 % of families earned less than half (49.6 %) [6] . Moreover, a recent report found that the high level of income inequality in the US strengthens the association between personal economic resources and health to a greater degree than in countries where income is more evenly distributed [7] .
Income inequality has been associated with depression, infant mortality, and reduced life expectancy [8] [9] [10] [11] [12] [13] . These effects are thought to be driven by macro-level policy factors whereby underinvestment in community resources and social infrastructure limits individuals' access to educational and employment opportunities, material goods and health care [14] . This is known as the neo-materialist theory, and the adverse effects of such systemic lack of investment in public services are disproportionately shouldered by the poorer segment of the population who become less able to prevent and treat disease [15] . There may also be factors arising from the psychosocial environment in unequitable communities that degrade population health [15] . Reduced social cohesion and trust can lead to higher crime and poor housing and neighborhood conditions [16] ; the cumulative biological effect of these chronic stressors may result in earlier health deterioration among poorer individuals relative to those of greater means [17] .
Previous studies of income inequality in relation to preterm birth have had limited data on individual level factors [18] [19] [20] and results have been equivocal. Higher income inequality at the US county-level appeared to increase risk [18] while in US neighborhoods [19] and Japanese prefectures [20] no increase was observed. Further, all of these analyses utilized a cross-sectional measure of inequality, so it remains unknown whether changes in income inequality over time increase the risk of preterm delivery. The life course perspective suggests that socioeconomic contexts over time-including prior to pregnancy-may have important influences on birth outcomes [21, 22] . Therefore the purpose of this analysis was to examine the risk of preterm birth in the context of increasing income inequality over the year prior to birth using a large geographically-and racially-diverse sample of births in the US. We hypothesized that women who were pregnant when inequality was increasing were more likely to give birth preterm.
Materials and Methods

Study Design and Population
The data in these analyses are from the Consortium on Safe Labor (CSL), a national retrospective cohort study from 2002 to 2008. The CSL included 19 hospitals located in 12 jurisdictions: California, Delaware, District of Columbia (DC), Florida, Illinois, Indiana, Maryland, Massachusetts, New York, Ohio, Texas, and Utah. For ease of presentation, we describe indicators for the District of Columbia as state-level variables. Clinical centers were required to have electronic medical records and were selected to achieve geographic representation of 9 American College of Obstetricians and Gynecologists US districts [23] . Data on maternal demographic characteristics; medical, reproductive, and prenatal history; labor and delivery; and postpartum and newborn information were extracted from electronic medical records for births at 23 weeks or later. Electronic discharge summaries for mothers and infants were linked to the medical records. A total of 228,562 births were captured over the course of the study, a majority (87 %) of which occurred between the years 2002-2005 [23] . This analysis was restricted to singleton births (n = 223,512 births to 204,180 women). CSL data were anonymized, and the Institutional Review Boards at all participating sites approved the study.
Income Inequality
The Gini coefficient-a measure of statistical dispersion commonly used to describe the distribution of resources in a population-was used to quantify state-level income inequality [24] . Values of the coefficient range from 0 (completely equal distribution such that 50 % of the population owns 50 % of the income) to 1 (completely unequal distribution whereby one person owns 100 % of the income) [25] .
Personally identifying data, including maternal address, were not collected in the CSL and therefore state of residence was based on the location of the delivery hospital. The US Census Bureau's American Community Survey provides annual estimates of the pre-tax Gini coefficient by state [26] and births were grouped by state and year and linked to corresponding Gini coefficient values based on the Census Federal Information Processing Standards (FIPS) codes. For each state and year of birth in the CSL, the percent change in the Gini coefficient from the year prior to the birth was calculated and examined both as a continuous measure and then dichotomized into categories of increasing inequality (a positive change in Gini coefficient) or decreasing/steady inequality (a negative or zero change in Gini coefficient). The intention of this dichotomization was to broadly define the context of increasing inequality and to provide a more meaningful interpretation of preterm birth risk than a one-unit change in Gini coefficient, which is less intuitive.
In order to examine whether the extent of the increase in inequality affected the magnitude of association between increasing inequality and preterm birth, we examined the percent change in the Gini coefficient from the previous year as a continuous variable and then created a three-level variable to indicate decrease or no change in inequality, small change in inequality-defined as less than or equal to the mean plus one standard deviation of the percent change (B1.5 %)-and large change in inequality, defined as greater than 1.5 %, based on the similar categorization of absolute Gini coefficients by Fujiwara et al. [20] We hypothesized that a greater increase in inequality would correspond to a greater risk for preterm birth.
Individual and State-Level Covariates
A number of sociodemographic covariates were included in adjusted analyses to control for individual-level influences on the risk of preterm birth. Maternal race categories were White, Black, Hispanic, Asian/Pacific Islander, and multiethnic or other. Maternal age modeled continuously. Parity (nulliparous, 1, 2, 3, 4, C5), marital status (married, single, and divorced or widowed, unknown), insurance status (private, public, and self-pay or other), smoking and drinking alcohol during pregnancy (both yes/no or unknown), prepregnancy body mass index (underweight, normal, overweight, obese, unknown) pre-pregnancy medical conditions (chronic hypertension, anemia, asthma, diabetes, heart diseases, kidney disease, thyroid disease, sexually transmitted infection, and history of depression, all yes/no or unknown), and year of birth were also included in adjusted models. Missing covariates were coded as such in order to ensure all observations remained in multivariable models.
In order to control for potentially important state-level socioeconomic differences between states, we included percentage of individuals living below the federal poverty level and percent unemployment at the year of birth. These variables are available for all states annually in the US Census Bureau's American Community [27] .
Outcome
The outcome of interest was preterm birth defined as delivery occurring at \37 weeks of gestation by the best clinical estimate as recorded in the medical record. As the CSL included only records for deliveries that occurred at 23 weeks or later, we did not include preterm births occurring \23 weeks.
Analyses
Differences in individual-level factors and preterm birth by change in Gini coefficient were assessed in preliminary analyses in order to broadly characterize the context of increasing inequality. Multi-level logistic regression was used to estimate the contextual effect of increasing income inequality relative to decreasing or constant inequality on the risk of preterm birth and to account for repeated births to the same mother (contributed by about 9 % of women in the study population). In order to systematically assess potential pathways between income inequality and preterm birth, we created a series of nested models (Models A-E) to estimate adjusted odds ratios (aOR) and 95 % confidence intervals for preterm birth by sequentially adjusting for independent variables grouped by the following domains: maternal demographic characteristics, individual-level socioeconomic position, health behaviors, underlying medical characteristics and conditions, and finally statelevel socioeconomic indicators. Model A included race, age, and parity. Model B included all variables in Model A and further adjusted for marital status and insurance type as proxy-indicators of individual-level socioeconomic position. Model C included all variables in Model B and further included smoking and alcohol use during pregnancy. Model D contained all of the above covariates in addition to maternal medical history variables: pre-pregnancy body mass index, chronic hypertension, anemia, asthma, pregestational diabetes, heart diseases, kidney disease, thyroid disease, sexually transmitted infection, and history of depression. Fully-adjusted Model E included all covariates in Model D plus two indicators of state-level socioeconomic conditions: percent of the population below the poverty level and percent unemployment for the year of birth. Finally, in order to test whether the harmful effect of inequality was greater for more disadvantaged individuals, we tested for interactions by insurance status and maternal race in the fully-adjusted model. All analyses were conducted in SAS version 9.4 (SAS Institute Inc, Cary, NC) using the GLIMMIX procedure for mixed effects logistic regression models with both random and fixed effects (state-and individual-level covariates, respectively), where an unstructured covariance matrix was used to account for the correlations within states and repeated births to some mothers.
We conducted sensitivity analyses to test the robustness of our overall results. Changes in income distribution may be driven by changes in total income, or other economic conditions. While Model E controlled for potentially important state-level differences in absolute economic indicators between states at the time of birth, we further controlled for measures of relative changes in socioeconomic indicators within states. These included the percentage by which poverty, unemployment, and median household income (adjusted for inflation) increased or decreased from the year prior to birth. Second, among deliveries classified as preterm ([22 and \37 weeks) in these data, the mean gestational age at delivery was 33.7 weeks. We therefore repeated the above analyses comparing early preterm birth ([22 and \34 weeks) to deliveries that occurred after 34 weeks. Third, to evaluate the use of state-level income inequality as the relevant scale for our main outcome, we repeated the analyses using county-level income inequality which was available through the US Census Bureau for a limited number of our study years (2006) (2007) (2008) 
Results
The There were a total of 131,024 births that occurred in states and years where income inequality had increased from the previous year. The remaining 92,478 births occurred in a state and year where inequality remained the same or decreased from the prior year. Women who delivered in the context of increasing inequality were more likely to be non-white, teenaged, single mothers with public insurance (Table 1) . These women were also more likely to have poorer health with higher rates of chronic hypertension, heart and kidney disease, asthma, anemia, and diabetes. The rate of preterm birth among women in areas of increasing inequality was 12.3 % compared to 10.9 % among women in states where inequality decreased or remained constant.
A one-unit increase in percent change in the continuous Gini coefficient was not significantly associated with preterm birth [aOR 1.01, 95 % CI (0.99, 1.03)]. However, after classifying the percent change as increasing or decreasing/constant, in the fully-adjusted model the odds of preterm delivery were elevated [aOR 1.07, 95 % CI (1.03, 1.10)] among women who gave birth when state-level inequality was increasing compared to women who gave birth in states where inequality had decreased or remained constant from the previous year (Table 2 ). The association between increasing income inequality and increased risk of preterm delivery was consistent across Models A-E as sequential adjustment for individual-level socioeconomic indicators (Model B), negative health behaviors (Model C), pre-pregnancy medical conditions (Model D) and statelevel socioeconomic indicators (Model E) resulted in negligible attenuation of the association above and beyond adjustment for maternal demographics (Model A) and ranged from 6 to 8 % increased risk across all models.
For 82,051 (62.6 %) of the 131,024 births in a state and year when inequality had increased, the increase was categorized as small (less than the mean plus one standard deviation in percent change). The remaining 48,973 (37.4 %) occurred in the context of a larger increase in inequality from the previous year. After adjustment, both of these groups were at similarly increased risk for preterm birth relative to births that occurred when inequality decreased or did not change indicating that the magnitude of inequality was less important than the increase itself [small increase aOR 1.08, 95 % CI (1.04, 1.13); large increase aOR 1.07, 95 % CI (1.02, 1.12)].
There was no difference in the magnitude of the effect of increasing inequality by insurance status or maternal race as indicated by non-significant interaction terms. Women who had private insurance were at an equally increased risk of giving birth preterm compared to women who were publically insured when inequality in the state had increased from the previous year. Likewise there was no difference in risk observed across racial/ethnic groups.
Sensitivity Analyses Results
On average, fluctuations in unemployment and household income levels were larger than changes in income inequality observed over states and years represented in the CSL: mean(SD) change in unemployment rate = -5.0 % (13.0), mean (SD) change in median household income = 4.3 % (2.6). Poverty rates changed to the same degree as income inequality, although in the opposite direction [mean (SD) -0.5 % (5.5)]. Controlling for both differences in economic conditions between states at the time of birth as well as within states over the year prior to birth strengthened the association between increasing income inequality and preterm birth to a greater degree than any of the previous models [aOR 1.11 , 95 % CI (1.06, 1.16)], although confidence intervals were overlapping. In the analysis examining early preterm birth (\34 weeks) the magnitude of the effect estimates across the model building was slightly but not significantly higher than those for late preterm [(\37 weeks) ranging from 1.12 (95 % CI (1.06, 
Discussion
In a large, US study of pregnant women with detailed medical record information we found that any increase in state-level income inequality from the year prior to birth was associated with an independent 7 % increased risk of preterm delivery less than 37 weeks even after controlling for individual-level demographic and socioeconomic factors, health behaviors, preconception medical history and differences in state-level poverty and unemployment rates. Importantly, living in a state when inequality expanded over the course of the year leading up to delivery increased preterm birth risk regardless of the degree of initial inequality and controlling for simultaneous changes in absolute income, poverty, and unemployment levels. Further, the magnitude of inequality increase was less important than the increase itself. Previous investigations of the income inequality and preterm birth relationship were cross-sectional analyses of inequality at a single point in time (year of birth) and are not directly comparable to our study. Huynh et al. [18] . found that compared to pregnant women living in low inequality areas at the time of birth, women in areas of medium and high inequality were at increased risk for preterm birth compared to women in areas of low inequality (7 and 23 % increased risk, respectively). Fujiwara et al. [20] reported no association between income inequality and preterm birth in more egalitarian Japan, where the highest Gini coefficient they reported was lower than the lowest value in our data (0.385 vs. 0.394). In contrast to these studies, we examined income inequality longitudinally among a population of women whose individual socioeconomic status varied as did the economic contexts of the states in which they gave birth. While inequality levels fluctuated between years in all jurisdictions included in these analyses, overall the variation in change in inequality was relatively small (mean 0.5 %, range -1.6-2.7 %) which may explain our lack of significant finding associated with a continuous exposure measure and no difference in effect size between a categorically large or small increase in inequality.
Our findings that increasing inequality was equally detrimental among women with public and private insurance status indicates a broader impact on preterm risk which is not directly a response to the poorest economic conditions. These findings suggest that in addition to intervention strategies intended to ameliorate conditions of poverty, those that aim to reduce the income disparity may promote population health as well. Elsewhere, such redistributive policies-welfare state and labor market policies, for example-have been associated with positive influences on population health as indicated by infant mortality, life expectancy at birth, and early child health and development [28, 29] .
Still, across all states, rates of preterm birth were significantly higher among women with public insurance compared to private-the only marker of socioeconomic disadvantage available in the medical records data. This combined with our findings that both preconception health and preterm birth rates were worse among women in states when inequality increased implicates deprivations associated with the neo-materialist theory. Allocation of statelevel resources and policies regarding availability of health services may influence a woman's health across the lifecourse, establishing health differentials that begin before pregnancy and are manifest in poorer birth outcomes. Unmeasured factors in our study such as economic segregation [30] or state supply of healthcare (provision of hospital beds and per capita hospital expenditures) [31] may be mechanisms linking state-level inequality to adverse population health outcomes. While we found no effect of changing county-level inequality in the sensitivity analysis, it may have been underpowered due to our sharply limited sample in terms of year of birth, numbers of births, and counties in which the births took place. Alternatively, it may be that state-level policies are more relevant to the outcome than county-level factors.
Our analysis is limited by the use of de-identified medical records which have no data on maternal home address. Therefore we were unable to directly define her geographic location; however, given our broad geographic level of analysis (state) it is unlikely that many women were misclassified given the assumption that they resided in the same state as their birthing hospital. Second, our classification of women by socioeconomic position was limited to insurance status which may not be as informative as individual income, particularly during pregnancy when public insurance eligibility is typically modified to provide greater coverage [32] . Additionally, we note that race in the medical records was not recorded with detailed ethnicity, and we are therefore unable to more specifically classify women into combined racial/ethnic categories (BlackHispanics, for example). Furthermore, most of the hospitals represented in the CSL were located in urban areas and our results therefore may not generalize to experiences of women in more rural parts of the states where social contexts are different and the relative distribution of income may not be as readily apparent. Finally, data on additional potentially important factors which may be influenced by increasing income inequality (such as gestational week of initiation into prenatal care or access to abortion) were unavailable and should be explored in future research. As income and resources are increasingly concentrated among a smaller segment of the population, the adverse health consequences among the larger proportion of the population should be of concern. In our data, states fluctuated in annual Gini coefficient values, but inequality was higher in all states at the end of the study than in the beginning. Even after adjusting for year of birth as a proxy for any secular trend in preterm risk, we observed an increased risk in both spontaneous and medically indicated preterm delivery in relation to increasing inequality. The association was unaffected by differences in state-level income, unemployment and poverty levels as well as a variety of individual-level clinical, social and demographic characteristics. If our results were confirmed, these findings suggest approximately 35,800 preterm births each year might be attributable to increasing income inequality, representing a significant economic burden given the immediate and long-term health consequences of prematurity [33] . Given the ubiquity of macro-level exposures such as income inequality [3] , further research on their potentially broad population health impact utilizing samples drawn from varying sociopolitical contexts and more recent years may help inform efforts to promote socioeconomic equity and improve population health.
